IMPORTANCE Contact immunotherapy with diphenylcyclopropenone or squaric acid dibutyl ester is a preferred treatment for severe alopecia areata; however, the defined criteria for therapeutic hair regrowth and regrowth rate have been highly heterogeneous across studies.
A lopecia areata (AA) is a chronic and relapsing hair follicle-specific autoimmune disease that leads to nonscarring hair loss. 1 The deterioration in the quality of life caused by the disease and the temporal and financial burden of treatment are the major issues among patients with AA. 2, 3 The preferred treatments for AA include therapeutic agents, such as topical or intralesional corticosteroid, and contact immunotherapy. 4, 5 Other treatments, including systemic corticosteroids, anthralin, excimer laser, and novel therapeutics, such as Janus kinase inhibitors, have also been used. Despite the numerous treatment options, the overall prognosis of AA is not favorable, involving relapse and recalcitrant progression. Specifically, patients with severe subtypes, such as alopecia totalis (AT) and alopecia universalis (AU), which involve complete scalp hair loss, have a lower likelihood of hair regrowth than those with patchy alopecia (PA). 1 Diphenylcyclopropenone and squaric acid dibutyl ester have been commonly used as contact allergens for treatment, whereas dinitrochlorobenzene is no longer used because of its mutagenicity. 6 As potent contact allergens, these agents exert their therapeutic effects by inducing allergic contact dermatitis on the scalp. 4 As a result, adverse effects, such as erythema, pruritus, eczema, and lymphadenopathy, frequently accompany the treatment, and careful monitoring of patients is needed throughout treatment. Despite the frequent and sometimes serious adverse effects of contact immunotherapy, it remains one of the most commonly used and effective treatments for severe and chronic AA. Numerous studies [3] [4] [5] have examined the effects of contact immunotherapy with diphenylcyclopropenone or squaric acid dibutyl ester in patients with AA; however, most were not placebo-controlled or randomized. According to an evidencebased review, 3 although contact immunotherapy is considered to be effective in half of patients with AA, the hair regrowth rate was diverse and heterogeneous across the studies. This variability may have resulted from the different compositions of the study population and the nonstandardized criteria for therapeutic regrowth used in each study. As a result, the heterogeneity in the reported treatment-related outcomes causes confusion among practitioners and patients and makes the disease further unpredictable. This study primarily aimed to quantitatively summarize the regrowth rates of contact immunotherapy with diphenylcyclopropenone or squaric acid dibutyl ester among patients with AA, according to the standardized criteria for therapeutic regrowth and several prognostic factors.
Methods

Search Strategy
We conducted a comprehensive literature search to identify articles written in English or Korean because of our language proficiency. The studies were identified by searching the MEDLINE, Embase, and Cochrane Library databases for articles published before November 20, 2017, using the following search terms: areata, totalis, universalis, sensitizer, sensitization, immunotherapy, DPCP, diphenylcyclopropenone, diphencyprone, SADBE, and squaric. The detailed search strategy used for each database is described in the eAppendix in the Supplement.
Study Selection
Two main reviewers (S.L. and B.J.K.) independently evaluated the titles and abstracts of the retrieved studies, and a final decision was made through consensus discussion with the other 2 reviewers (Y.B.L. and W.-S.L.). Clinical trials or observational studies that investigated contact immunotherapy with diphenylcyclopropenone or squaric acid dibutyl ester for AA and subgrouped the disease according to extent (PA or AT/ AU) and reported their regrowth rates were included. Studies that investigated combination therapy (eg, diphenylcyclopropenone plus anthralin) or nonconventional protocol (eg, minimal or no sensitization) and case series or review articles were excluded. If the abstract did not provide sufficient information for inclusion or exclusion to this study, a full-text evaluation was performed to determine eligibility. Forty-five studies were identified. The PRISMA flow diagram is presented in the eFigure in the Supplement.
Quality Assessment
Quality assessment was based on whether the study population or criteria for successful therapeutic hair regrowth were clearly defined and whether the regrowth rate was assessed according to the following prognostic factors: disease subtype (PA or AT/AU), extent of hair loss (Severity of Alopecia Tool [SALT] 7 score <50 or ≥50, where higher scores indicate greater hair loss), acute or chronic disease (duration of <1 year or ≥1 year), atopic disease (personal history of atopic dermatitis, allergic rhinitis, or asthma), and nail involvement. Clarity on the reporting of incidence of adverse effects or recurrence rate was also assessed.
Data Extraction
The data extracted from each study were study year, study setting, sensitizer type (diphenylcyclopropenone or squaric acid dibutyl ester), study population, sex ratio, mean age, proportion of AT and AU in the total study population, defined criteria for therapeutic hair regrowth, and regrowth rate of contact immunotherapy. The main outcome for ascertainment was the therapeutic regrowth rate according to disease subtype (PA or AT/AU). Moreover, the recurrence rate and treatment status at the time of relapse, as well as the incidence of adverse effects, were recorded. Only adverse effects reported by at least 2 studies were included, and mild to moderate eczema, erythema, and pruritus were excluded because these are usually expected to appear in most patients.
Data Synthesis and Outcomes
The overall therapeutic hair regrowth rate was synthesized in the meta-analysis. Because each study used heterogeneous criteria for successful therapeutic regrowth, which was quantitatively or qualitatively measured, it was classified using 4-grade criteria (eTable 1 in the Supplement). This hierarchy was based on the review of included studies in which both types of criteria were simultaneously used. If therapeutic regrowth could not be definitively classified according to this scale, it was assigned to the inferior category (eg, partial or cosmetically acceptable regrowth was categorized as minor regrowth, whereas 70%-100% regrowth was considered to be major regrowth). Subgroup analyses were performed by stratifying the data according to sensitizer type (diphenylcyclopropenone or squaric acid dibutyl ester) and the 4 categories of therapeutic regrowth. For applicable studies, the meta-analyzed odds ratios of poorer therapeutic outcomes in patients with several prognostic factors were calculated. A random effects model was used for data synthesis because the study population, study setting, and treatment duration in the included studies were expected to be highly heterogeneous. The heterogeneity of the included studies was calculated using the I 2 statistic for inconsistency. Publication bias was evaluated using the Egger regression test. Because the quantitative and qualitative criteria were merged in the meta-analysis, a sensitivity analysis was conducted excluding studies with qualitative criteria for therapeutic regrowth. Statistical analysis was performed using the Comprehensive Meta-analysis software, version 3.3.0 (Biostat).
Results
Study Characteristics and Quality Assessment
Forty-five studies that included 2227 patients were analyzed.
The characteristics and quality assessment of these studies are summarized in eTable 2 in the Supplement. None of the studies were randomized or placebo controlled. Overall, 31 studies investigated diphenylcyclopropenone and 15 investigated squaric acid dibutyl ester; only 1 study assessed both diphenylcyclopropenone and squaric acid dibutyl ester. All studies except for 1 pediatric study were not age restricted; 20 studies reported qualitative criteria and 29 reported quantitative criteria for therapeutic regrowth. With these various criteria, the rates of any regrowth were calculated from 16 studies, minor regrowth from 22 studies, major regrowth from 19 studies, and complete regrowth from 18 studies. Twenty-nine studies reported the incidence of treatment-related adverse effects, and 23 studies reported the recurrence rate. A total of 1638 diphenylcyclopropenone-treated and 589 squaric acid dibutyl ester-treated patients were included in the meta-analysis.
Overall Therapeutic Hair Regrowth Rate of Contact Immunotherapy
The results of the meta-analyzed therapeutic regrowth rate are summarized in Figure 1 and Table 1 . The overall rate of any regrowth was 65.5% among patients with AA (74.6% in the PA subgroup and 54.5% in the AT/AU subgroup); however, complete regrowth was observed in only 32.3% of patients with AA (42.6% in the PA subgroup and 24.9% in the AT/AU subgroup). As expected, the heterogeneity of the studies was estimated to be high (I 2 = 68.94%). However, it was partially resolved in the serial subgroup analyses. In the Egger regression test, the risk of publication bias was estimated to be not statistically significant (P = .20). In the sensitivity analysis in which only quantitative studies were analyzed, most estimates showed minimal difference (<5%) compared with those in the original analysis (eTable 3 in the Supplement).
Prognostic Factors Associated With Therapeutic Hair Regrowth
The differences in the therapeutic outcomes stratified according to various prognostic factors were analyzed ( Table 2) . Patients with SALT scores of 50 or greater, atopic disease (personal history of atopic dermatitis, allergic rhinitis, or asthma), and nail involvement were more likely to have poorer therapeutic outcomes after contact immunotherapy than were patients without these characteristics. In addition, disease duration of 1 year or more was also associated with poorer therapeutic outcomes, although without statistical significance.
Adverse Effects
The incidence of adverse effects reported in at least 2 studies is given in eTable 4 in the Supplement. Except for mild to moderate eczema, erythema, and pruritus, the most frequent adverse effect was severe eczema (30.8%) (eg, blistering, scaling, or exudation) followed by lymphadenopathy (25.7%), although its incidence was heterogeneous across the studies. Generalized eczema (15.8%), hyperpigmentation (12.7%), and influenza-like symptoms (11.1%) were also reported as common adverse effects of contact immunotherapy.
Disease Relapse
In 23 studies, the recurrence rate after hair regrowth was reported to be approximately 48.5% (95% CI, 39.7%-57.3%; n = 637) among patients with AA. Of these studies, 17 reported the treatment status at the time of relapse (with or without maintenance treatment). The recurrence rate was 38.3% (95% CI, 18.4%-58.2%; n = 98) among patients receiving maintenance treatment and 49.0% (95% CI, 35.5%-62.6%; n = 310) among those not receiving maintenance treatment. However, most studies did not reveal the detailed protocol used for maintenance treatment or the mean time to recurrence. lesional T-lymphocyte inhibition induced by T H 2-related cytokine, lymphocyte apoptosis, 10 and antigenic competition.
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The therapeutic hair regrowth benefits of contact immunotherapy have been reported to be variable in the literature. In the 45 studies included in this analysis, the regrowthraterangedfrom4%to81%,accordingtothecomposition of the study population and the criteria for therapeutic re- Abbreviations: AA, alopecia areata; AT, alopecia totalis; AU, alopecia universalis; PA, patchy alopecia.
a Any regrowth was less than 10% of hair loss; minor regrowth, 10% to 59%; major regrowth, 60% to 89%; and complete regrowth, 90% to 100%. Any regrowth was less than 10% of hair loss; minor regrowth, 10% to 59%; major regrowth, 60% to 89%; and complete regrowth, 90% to 100%. Error bars indicate 95% CIs. AT indicates alopecia totalis; AU, alopecia universalis; and PA, patchy alopecia.
growth used. 12, 13 In this study, we analyzed the overall regrowth rate across the studies, applying the 4-grade and standardized criteria for successful therapeutic regrowth. In addition, we investigated the difference in therapeutic outcomes according to disease subtype and several prognostic factors using subgroup analysis. Unlike other treatments, contact immunotherapy is necessarily accompanied by the process of sensitization and concentration control throughout the treatment. Although this meta-analysis included only studies that investigated conventional therapeutic protocol based on the predefined inclusion and exclusion criteria, few studies were excluded during the literature search owing to their use of nonconventional or atypical protocols. A few studies 14,15 on modified protocols for the reduction of eczematous reactions during sensitization and treatment recently reported their noninferior association with hair regrowth and lower incidence of adverse effects compared with conventional protocols. Nevertheless, additional comparative studies will be required to evaluate efficacy. Overall, the conventional protocol for contact immunotherapy with 2% diphenylcyclopropenone or 2% to 3% squaric acid dibutyl ester for sensitization is still the preferred method for treatment of patients with AA.
Our results indicate that the mean therapeutic hair regrowth rate of contact immunotherapy, which ranged from 24.9% to 74.6%, was associated with disease subtype and level of expected therapeutic regrowth. Moreover, several prognostic factors, including SALT score of 50 or greater, disease duration of 1 year or more, atopic disease, and nail involvement, were associated with poor therapeutic outcomes after contact immunotherapy. Successful hair regrowth was expected to occur in only approximately one-half to one-third of patients with these negative prognostic factors. Therefore, a tailored approach considering patient factors and expectation for regrowth is needed to improve therapeutic adherence and outcome satisfaction. In the subgroup analysis for each sensitizer, the mean regrowth rate was similar between squaric acid dibutyl ester-treated and diphenylcyclopropenone-treated patients or slightly higher among the squaric acid dibutyl estertreated patients than among the diphenylcyclopropenonetreated patients. However, direct comparisons between both were not performed in most studies, and the number and sample size in studies of squaric acid dibutyl ester were limited compared with those in studies of diphenylcyclopropenone. Although we could not determine whether one sensitizer is superior to the other in this study, it is likely that the use of diphenylcyclopropenone is preferred according to recent published studies. 3, 4 Except for mild to moderate eczematous reactions, the most common adverse effect was severe eczema, including scaling, exudation, and blistering. Furthermore, generalized eczema in nontreated and treated sites was common. This result suggests that at least approximately one-third of patients will require supportive care with systemic and/or topical corticosteroids and antihistamines during the treatment. Systemic symptoms, including lymphadenopathy and influenzalike symptoms, were also relatively common. Pigmentary changes were frequently reported in approximately one-fifth of patients. Other unexpected events, such as anaphylactoid reaction 16 and hair curling, 17 were also noted. Compared with other therapeutic agents used for AA, contact immunotherapy had various and frequent treatment-related adverse effects, occasionally with fatal or irreversible consequences. Thus, sufficient education and supportive care for various adverse effects should be provided to patients. Moreover, many physicians experience allergic contact dermatitis during the procedure, although the exact incidence cannot be assessed owing to underreporting. Self-sensitization in physicians should never be ignored because they will be repeatedly exposed to diphenylcyclopropenone or squaric acid dibutyl ester for years. To minimize this, physicians should have appropriate protective equipment throughout the treatment process. Approximately half of patients experienced disease relapse after hair regrowth. The recurrence rate was lower with maintenance treatment; however, most studies did not directly compare the recurrence rate between patients receiving maintenance treatment and those not receiving maintenance treatment. Moreover, they did not reveal or discuss the detailed treatment interval or protocol used for maintenance treatment. Nevertheless, patients not receiving maintenance treatment were reported to have a higher risk of early disease relapse (hazard ratio, 4.87) in a recent study.
18 Therefore, even after the desired regrowth has been achieved, maintenance treatment may help reduce disease relapse. Although to our knowledge there has never been consensus on the optimal interval for maintenance treatment, at least once every 4 weeks or less than 2 weeks if possible can be recommended.
18,19
Home-based contact immunotherapy is as effective and safe as clinic-based treatment and can be helpful in reducing the temporal and financial burden on patients who require longterm maintenance treatment.
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On the basis of the literature reviewed in this study, we suggest a schematic treatment protocol for contact immunotherapy in patients with AA (Figure 2) . Although diphenylcyclopropenone or squaric acid dibutyl ester are not approved by the US Food and Drug Administration and the European Medicines Agency for their use in AA, both are still considered to be the main therapeutic agents for severe diseases in many countries. Moreover, in recent years, several attempts have been made to expand the application of contact immunotherapy among pediatric patients. In these studies, 21-24 the efficacy and safety of contact immunotherapy among pediatric patients with AA were similar to those among adult patients. Despite various safety and regulatory issues, the need for contact immunotherapy is increasing, and it is still performed for both adult and pediatric patients in many health care facilities. 25 In addition, biologic agents, including Janus kinase inhibitors, which have recently emerged as promising agents, have not always been effective according to recent reports. [26] [27] [28] Institutional improvement, including manufacturing, handling, and application of diphenylcyclopropenone or squaric acid dibutyl ester, should be made so that patients with AA can be legally and safely treated using contact immunotherapy, ideally with medical insurance coverage.
Limitations
A major limitation of this study is that most studies included in the analysis reported low-quality evidence. Most reports described noncomparative studies that only allowed the calculation of the estimated mean therapeutic regrowth rate. Thus, we could not calculate comparative estimates, such as odds ratios or relative risks, to evaluate the efficacy of contact immunotherapy on hair regrowth compared with that of placebo or other therapeutic agents. In addition, special considerations for some specific subtypes (eg, alopecia ophiasis, acute diffuse and total alopecia) were not given because of limited studies of these subtypes in the literature. Nonetheless, this meta-analysis quantitatively summarized the therapeutic regrowth rate of contact immunotherapy according to the standardized criteria and several prognostic factors. This study will enable practitioners to provide patients with detailed information about their treatment-related prognosis and expected hair regrowth rates.
Conclusions
The therapeutic hair regrowth outcomes of contact immunotherapy with diphenylcyclopropenone or squaric acid dibutyl ester for AA were associated with various factors in the evaluated studies, and there was a significant variability in the criteria used for each therapeutic end point. Patients with AA should be individually provided with accurate information based on personal prognostic factors and level of expected therapeutic outcomes. Nevertheless, to our knowledge, no treatment has been able to modify the long-term prognosis of AA. Therefore, an accurate understanding of the disease and treatment-related prognosis is needed, and education should be provided to improve the patient's therapeutic adherence and outcomes. 
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Hair regrowth
Treatment begins with application of 2% diphenylcyclopropenone to a 4 × 4-cm circular area on the scalp. After 2 weeks of sensitization, 0.001% diphenylcyclopropenone is applied to the scalp on a weekly basis, and the concentration of diphenylcyclopropenone is gradually increased until a mild eczematous reaction occurs. If a satisfactory hair regrowth is achieved, maintenance treatment may be used to reduce the recurrence rate. Contact immunotherapy with squaric acid dibutyl ester or other therapeutic agents can be considered when treatment failure or severe adverse effects occur. Embase ("areata":ti OR "totalis":ti OR "universalis":ti) AND ("sensitizer":ti OR "sensitization":ti OR "immunotherapy":ti OR "Diphenylcyclopropenone":ti OR "diphenylcyclopropenone":ti OR "diphencyprone":ti OR "Squaric acid dibutyl ester":ti OR "squaric":ti)
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